During the course of studies on the establishment of influenza virus persistent infection, a porcine kidney (ESK) cell culture that showed a distinct resistance to cytocidal infection was obtained by inoculation of cells with a high input multiplicity of infection of influenza virus and prolonged cultivation of survivor cells. It soon became clear that these cells were distinguishable from persistently infected cells by the absence of virus and virus antigens. In general, resistance to virus infection has been found to occur at many different steps of the virus growth cycle, i.e., absence of receptors and hindrance in intracellular process of adsorbed virus (2) . This paper describes and characterizes the mutant ESK cells resistant to influenza virus infection.
The following influenza virus strains were used in this study: B/Kanagawa/73, B/Lee/40, A/NWS/33(HlN1), A/USSR/77(HlN1), A/RI/5-/57(H2N2), A/RI/5+/57(H2N2), A/Aichi 2/68(H3N2), and A/fowl plague/Rostock/34(H7N1). The Nagoya strain of hemagglutinating virus of Japan and the Miyadera strain of Newcastle disease virus were propagated in 10-day-old embryonated eggs. The Miyake strain of mumps virus and the New Jersey serotype of vesicular stomatitis virus were propagated in LLCMK2 and BHK cells, respectively. A continuous cell line (ESK) derived from porcine kidney cells, a line of ESK cells with altered surface structures and resistant to influenza virus infection (ESK-R), Madin-Darby canine kidney cells, BHK cells, and the LLCMK2 continuous line of monkey kidney cells were cultured in Eagle minimal essential medium containing 10% calf serum, 10% tryptose phosphate broth, and 60 ,ug of kanamycin per ml.
Plaque titration of influenza virus was carried out by the addition of 5 jig of trypsin per ml in agar overlay medium (13, 16) . Hemagglutinin was titrated by the pattern method (12) . Antiserum against B/Kanagawa/73 virus was prepared by immunizing rabbits several times with the virions purified and solubilized by 10% Triton X-100. Fluorescent-antibody staining was carried out by the indirect method (7 The growth characteristics of influenza virus in ESK and ESK-R cells were examined. Monolayer cultures of ESK and ESK-R cells grown in 50-mm petri dishes were infected with influenza B/Kanagawa/73 virus at an input multiplicity of ca. 6 PFU per cell. After incubation for 1 h, monolayers were washed five times and incubated in 4 ml of maintenance medium. At various times after infection, culture fluids and cell homogenates were harvested and assayed for virus growth (Fig. 1) . Replication of influenza virus proceeded well in ESK cells with an extensive cytopathic effect (CPE), whereas in ESK-R cells no production of progeny virus was detected and, furthermore, no obvious CPE was observed during the course of infection. It should be noted that cell-associated infectivity recovered from ESK-R cells at an initial stage of infection was far less than that from normal ESK cells, and a large fraction of the virus inoculated still remained unadsorbed, suggesting the blocking or absence of specific receptors on ESK-R cells.
Therefore, we tested the cells for the presence of influenza virus receptors by fluorescence-activated cell sorter analyses. Fluorescein isothiocyanate (FITC) labeling of B/Kanagawa/73 virus was performed as described by Khelifa and Menezes (6) . A purified and concentrated virus preparation was mixed with FITC in carbonate-bicarbonate buffer at pH 9.5. The FITC virions were separated from free FITC and purified by gel chromatography on a Sepharose 4B column.
Single cells (2 x 105) in suspension were mixed with FITClabeled influenza virus (3 x 103 hemagglutinating units [HAU] ) and incubated for 20 min at 4°C in darkness. The cells were then washed three times with cold phosphate-buffered saline to remove the remaining free virions, fixed in 2% paraformaldehyde, and analyzed in a flow cytometer. No appreciable autofluorescence of intact control cells was detected under these experimental conditions. Normal ESK cells bound FITC virions at high efficiency, whereas ESK-R cells lacked the ability to bind the labeled virions (Fig. 2) . From these findings, it may be concluded that ESK-R cells do not have binding receptors for influenza B/Kanagawa/73 virus.
Since influenza virus has been shown to adsorb to specific receptors on cell surfaces that contain neuraminic acid (3, 5) , it was thought necessary to examine the sialic acid content of ESK-R cells. The sialic acid content of ESK-R cells was approximately half that of original ESK cells (Table 1) . A smaller amount of sialic acid was also detected in both sialoglycoprotein and gangliosides isolated from ESK-R cells.
For an investigation of whether ESK-R cells could support the replication of other myxo-and paramyxoviruses that require cellular sialic acid residues as virus-specific receptors, the growth of various strains of influenza virus was first tested ( Table 2 ). All strains including both types A and B could not replicate or induce CPE in ESK-R cells, whereas normal ESK cells produced a large amount of progency virus and degenerated. When mumps virus, hemagglutinating virus of Japan, or Newcastle disease virus was used as the challenge virus, a considerable reduction of virus yield was also found in ESK-R cells. In contrast, replication of vesicular stomatitis virus proceeded equally well in both ESK and ESK-R cells.
To test the possibility that influenza virus infection of ESK-R cells might normally proceed once membrane barriers could be overcome, attempts were made to introduce virus particles into cytoplasm of cells by receptor-nonmediated endocytosis, using the calcium phosphate technique of Graham and van on ESK-R cell monolayer. After an adsorption period of 3 h at 36°C, the cells were washed three times and incubated in fresh medium with or without 1 ,ug of actinomycin D per ml (Sigma Chemical Co.) for a further 21 h. At 1 and 21 h of incubation, culture fluids and cell homogenates were harvested and assayed for virus growth (Table 3) . During the adsorption period of 3 h, some parts of ESK-R cell population were successfully infected. An appreciable amount of progeny virus was produced and released into culture fluid during the subsequent incubation in fresh medium for 21 h. On the other hand, no virus growth was detected in the actinomycin D-treated cell culture. Virus antigens demonstrable by an immunofluorescence test with anti-influenza This work was supported by a grant from the Ministry of Education, Japan.
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